A study of the analeptic properties of doxapram hydrochloride, as judged by its effects on the depression induced by moderate doses of thiopentone, was carried out in sixty patients. Three dose levels of the drug were employed, all of which produced marked increases in alveolar ventilation. These increases were due almost entirely to effects on tidal volume. Although the initial peak of stimulation was transient, following this peak, alveolar ventilation never fell below pre-thiopentone control values. An increase in the level of consciousness was also seen at each dose level. The largest dose used was 1 mg/kg and the greatest effects in terms of magnitude and duration were seen with this dose. No significant effects on blood pressure or pulse rate or side effects such as coughing, sneezing, laryngospasm or increased muscle tone were seen.
The concept of antagonizing drug-induced circulatory and respiratory depression is not a new one in medicine. For many years such drugs as picrotoxin and metrazol were used routinely in the treatment of narcotic and barbiturate intoxication. The fact that these compounds do not enjoy wide acceptance by physicians today is probably attributable to the narrow range which separates those doses causing respiratory stimulation and arousal from those causing convulsions. Recently developed concepts which oppose the empirical use of non-specific analeptics in the treatment of barbiturate overdosage have further clouded the indications for the use of analeptic compounds (Eckenhoff and Dam, 1958) .
In the recent past a number of drugs have been synthesized which possess a wider margin of safety between the desirable effects of arousal and respiratory stimulation and undesirable vasopressor responses and convulsant activity. These newer compounds have been used not only in barbiturate poisoning (Cole, Marks and Baum, 1960; Silipo, Rosenstein and Baum, 1961) but also in the treatment of chronic obstructive pulmonary disease (Said and Banerjee, 1962; Rodman et al., 1962; Aronovitch et aL, 1961; Miller et al., 1962) and postanaesthetic central nervous system depression (Slater, 1961; Macris et al., 1962; Gale, 1958; Dobkin, Keil and Albano, 1962) .
Doxapram hydrochloride (l-ethyl-(2-morpholinoethyl)-3, 3-diphenyl-2-pyrrolidinone hydrochloride hydrate), a recently synthesized analeptic, has been shown to possess a wide margin of safety in animal experiments. Although it was demonstrated that doxapram hydrochloride in doses of 1 mg/kg elicited marked respiratory stimulation and "awakening" responses in dogs anaesthetized with phenobarbitone (Ward and Franko, 1952) , convulsions were not observed in similarly treated dogs even when a total intravenous dose as high as 140 mg/kg was given in divided doses over a 5-hour period (Department of Pharmacology, A. H. Robins Company, Inc., 1962) . It has also been shown that the ratios between convulsant and respiratory stimulant effects for bemegride, ethamivan, and doxapram hydrochloride were 15, 35 and 70 respectively (Funderburk, unpublished data, 1962) . In view of the apparently wide margin of safety, it was decided to investigate the effects of doxapram hydrochloride on thiopentone-induced respiratory depression in man.
MATERIAL AND METHOD
The present study comprised a total of eighty conscious subjects whose ages ranged from 18 to 60 years (average age 43 years) and who underwent 216 figure 4 .
The same protocol was followed in the remaining sixty subjects with the exception that doxapram hydrochloride was administered intravenously, over a 30-second period from 6 minutes to 6 minutes and 30 seconds, to each patient in Groups 2, 3, and 4 in doses of 0.5, 0.7 and 1 mg/ kg respectively.
Additionally, spirometric tracings were obtained in a number of instances in order to demonstrate more clearly the sequence of events as well as th; duration and magnitude of effects.
RESULTS

Respiration.
The tidal volumes were calculated from the measured respiratory rates and minute volumes. The alveolar ventilation was calculated by assuming that each pound of physiological body weight accounted for 1 ml of deadspace. It can be seen from figure 1 that the nadir of respiratory rate occurred within 1 minute after the completion of thiopentone injection in all groups. It can also be seen that this depression was transient and recovery virtually complete within 8 minutes. The injection of all three dose ranges of doxapram hydrochloride produced a minimal increase in respiratory rate for a 60-to 90-second period which did not prove to be significant* when compared with the control group (table I). Within 3m inutes of the injection of doxapram hydrochloride, the respiratory rates returned toward pre-thiopentone levels where they remained throughout the period of observation.
Similarly, it can be seen from figure 2 that the nadir of tidal volume occurred within 1 minute after the completion of thiopentone injection. Although the patients in all four groups showed a tendency to recover, tidal volume was still depressed at 5 minutes. The administration of all dose ranges of doxapram hydrochloride produced marked increases in respiratory tidal volume that were of unequal magnitude but similar durations (table II) . In the control group receiving thiopentone alone, unlike the rapid and sustained recovery in respiratory rate, a slow and almost linear recovery of the tidal volume occurred from peak depression at 2 minutes to a point between 15 and 20 minutes where the tidal volume had returned to pre-thiopentone levels.
As might be anticipated from the effects on respiratory rate and tidal volume, the nadir of alveolar ventilation occurred at 2 minutes. As might also be anticipated, recovery in the control group occurred between 15 and 20 minutes after the injection of the thiopentone. It can be seen * Using Student's "t" test where: mjt= and m=mean, s=standard deviation, and n=num-bcr in sampling. Thiopentone, 5 mg/kg was injected intravenously from 0 to 1 minute and was followed by the intravenous injection of doxapram hydrochloride from 6 minutes to 6 minutes and 30 seconds in doses of 0.5, 0.7, and 1 mg/kg respectively. Each group consisted of 20 patients. from figure 3 that the administration of all dose ranges of doxapram hydrochloride was associated with a sharp increase in alveolar ventilation which at 8 minutes ranged between 2 and 4 times the value in the control group. This pronounced effect subsided rapidly so that in the 0.5 mg/kg group there was no significant difference between alveolar ventilation at 15 minutes and that prior to thiopentone injection. The same relationship existed for the 0.7 mg/kg and 1 mg/kg groups at 20 minutes. Compared to the group receiving thiopentone alone, however, a significant difference was observed at 8 minutes with 0.5 mg/kg (t = 4.1), at 10 minutes with 0.7 mg/kg (t = 3.7), and at 15 minutes with 1 mg/kg (t = 2.9) (table m).
Circulation.
No significant changes in pulse rate or blood pressure were observed following the administration of thiopentone or the three dose ranges of doxapram hydrochloride (table IV) .
Level of consciousness.
It can be seen from figure 4 that in terms of the criteria used, all dose levels of doxapram hydrochloride were associated with a heightened level of consciousness. There was no response to painful stimuli at either the 2-or 5-minute observation period in any of the subjects studied.
DISCUSSION
In selecting the 5 mg/kg dose of thiopentone, an attempt was made to utilize that dose which following routine premedication is characteristically associated with "anaesthetic induction" with this agent. As has been shown, recovery from thiopentone-induced respiratory depression in the control group began within 2 minutes and was complete within 20 minutes of the thiopentone administration. Although similar recovery had begun in the test groups, the administration of doxapram hydrochloride in all three doses was associated with a marked increase in alveolar ventilation to levels above the pre-thiopentone controls. It is interesting to note that while doxapram hydrochloride produced a marked increase in tidal volume, no significant difference was observed between control respiratory rates and rates after the administration of the analeptic. The resultant effect was a pronounced increase in alveolar ventilation.
In attempting to evaluate the duration of effect of a single intravenous injection of doxapram hydrochloride, it is apparent from spirometric tracings ( fig. 5 ) that respiratory stimulation begins within seconds after the start of the injection. Following a brief apogee, alveolar ventilation does not differ significantly from the pre-thiopentone controls throughout the test period. The fact that in those cases receiving no analeptic, alveolar ventilation required 15-20 minutes to return to control levels suggests that doxapram is active for at least this period of time.
In the dose ranges employed, significant pressor effects during periods of marked respiratory stimulation were not observed. In contrast to the tachycardia that doxapram hydrochloride usually caused in the anaesthetized dog (Department of Pharmacology, A. H. Robins Company, Inc., 1962) , the absence of significant changes in pulse rate was noteworthy.
The administration of doxapram hydrochloride in all dose ranges was associated with an increase in the level of consciousness in the majority of cases. The difficulties encountered in attempting to assess levels of consciousness during thiopentone depression need no documentation here. The criteria used in this study to evaluate the gross status of cortical function have many inherent limitations. It was felt, however, that the transitions represented in going from (1) no response to painful stimulus, to (2) response to painful stimulus, to (3) obeys commands, to (4) answers questions, indicate four widely separated plateaus of cortical activity. In an attempt to anticipate and approximate the clinical situations in which this new analeptic might be utilized, it was decided to include both barbiturate and narcotic medication. In the absence of these drugs, the level of consciousness in all groups studied would, in ah* probability, have been higher. In any event, twelve of the twenty patients, who received thiopentone alone did not obey commands at the end of the test period whereas fiftyone of sixty patients in the test groups obeyed commands and answered questions.
In the sixty patients who received doxapram hydrochloride, no instance of undesirable side effects was observed either during the test period or in the postoperative period. In the dose ranges employed, no instances of laryngospasm, bronchospasm, breath holding or coughing were observed. Increases in muscular tone, struggling, and restlessness were also absent. Other recently synthesized analeptics have been shown on occasion to produce some or all of these side effects (Slater, 1961; Macris et al., 1962; Dobkin, Keil and Albano, 1962) .
During normal sleep, periodic alveolar distension is accomplished by sighing. During general anaesthesia, the importance of intermittent hyperinflation of the lungs has been emphasized as a means of diminishing postanaesthetic atelectatic changes (Bendixen, Hedley-Whyte and Laver, 1963) . The findings in this study do not suggest that an analeptic given in a single dose at the termination of surgery can exert a prolonged effect in the postoperative period. Nevertheless the initial period of hyperventilation may prove to be a logical continuation of this hyperinflation. This may be especially beneficial in patients with preoperative restrictive pulmonary disease or postoperative respiratory depression. 
